Protein kinase activity that is dependent on 3',5'-Cyclic adenosine monophosphate (CAMP-PK), 13H]cAMP binding, and CAMP-dependent protein phosphorylation were identified and partially characterized in cytosolic preparations of rat lung from day 18 of gestation to adulthood. Major CAMP-dependent phosphoproteins in lung preparations were compared to those in cytosol from purified Type I1 epithelial cells. Both Type I and Type I1 regulatory subunits of CAMP-PK were identified in fetal and adult lung. Inhibition of specific [3H]cAMP binding to lung cytosol (to the regulatory subunit of the CAMP-dependent protein kinase) followed the order of potency: cAMP > cGMP; adenosine, ADP, and ATP were inactive. Scatchard plots of saturation experiments with ["HICAMP and lung cytosol were linear. Dissociation constant (K,) for cAMP binding was approximately 2-3 nM, and did not change significantly with age. In contrast, binding capacity varied significantly during development and agerelated changes in binding capacity were associated with similar changes in CAMP-dependent histone kinase activity. Both I3H] cAMP binding and CAMP-dependent protein kinase activity decreased slightly before birth, reached maximal activity during the suckling period, and decreased in adulthood.
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cAMP enhanced histone kinase activity in rat lung cytosol at all ages studied, from day 18 of gestation to adulthood. cAMP also specifically enhanced phosphorylation of several endogenous cytosolic proteins that were identified by autoradiography after sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Major proteins whose phosphorylation was selectively enhanced by cAI41P or inhibited by protein 'kinase inhibitor were approximately Mr = 260,000, 240,000, 97,000, 56,000, 44.000, and 28,000. CAMP-dependent phosphorylation of lung cytosolic proteins was compared to that in cytosol from purified rat Type I1 epithelial cells. Mr = 44,000, the most prominent CAMP-dependent phosphoprotein identified in cytosol from adult lung, comigrated with the major CAMP-dependent phosphoprotein from rat Type I1 epithelial cells. In lung cytosol, phosphorylation of Mr = 44,000 increased dramatically during perinatal development. Phosphorylation of several other major phosphoproteins changed with age, primarily in the perinatal period.
Maturation of pulmonary function has been associated previously with marked changes in P-adrenergic receptors and catecholamine-sensitive adenylate cyclase activity which mediate the synthesis of cAMP in lung tissues. cAMP activates protein kinases that catalyze the phosphorylation of regulatory proteins by altering their activity and function. The present work demonstrates developmental changes in CAMP-dependent protein kinase activity and marked ontogenic changes in phosphorylation of several cytosolic lung proteins. Ontogenic changes in specific protein substrates of protein kinases and changes in their state of phosphorylation in response to cAMP are likely to mediate developmental changes in pulmonary responses to hormonal stimulation.
Bmax, binding capacity CAMP-PK, 3',5' cyclic adenosine monophosphate dependent protein kinase cGMP, 3',5' cyclic guanosine monophosphate
Iso, concentration to inhibit activity by 50% KD, dissociation constant Mr, relative migration (daltons) PKI, protein kinase inhibitor PMSF, phenylmethylsulfonyl fluoride SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis STE, 250 mM sucrose, 10 mM Tris-HCI (pH 7.2), and I mM EGTA TCA, trichloroacetic acid Catecholamines regulate smooth muscle tone, surfactant release, and lung fluid secretion in the lung by stimulation of cAMP synthesis in pulmonary cells (9, 5, 26) . Effects of cAMP are mediated by CAMP-PK that are activated when cAMP binds to their regulatory subunits (Type I or 11), which thereby releases catalytic subunits. Catalytic subunits phosphorylate amino acid residues of various regulatory proteins. A variety of hormone responses are known to be associated with CAMP-dependent protein phosphorylation including regulation of smooth, skeletal, and cardiac muscle contraction, glycogen metabolism and secretory processes of target cells (31) . CAMP-, cGMP-, and Ca2+-dependent protein kinases have been identified previously in lung preparations from cow, rat, and mouse lung (8, 18, 19, 23, 24) . Although postnatal changes in characteristics of CAMP-PK have been demonstrated in mouse lung with the photoaffinity label, 8-N3-[32P] CAMP, the characteristics of CAMP-PK and its possible protein substrates have not been identified extensively or characterized in mammalian lung during perinatal development (23) .
Developmental changes in CAMP-dependent regulatory processes in lung are associated with dramatic changes in lung structure and function during the perinatal period. Exposure of the fetus to cAMP phosphodiesterase inhibitors or P-adrenergic agonists has been associated with increased surfactant release, reduced surface tension in lungs of experimental animals, and decreased incidence of hyaline membrane disease in prematurely born infants (2, 13, 16, 17, 2 1). Marked changes also occur in humoral and cellular components that mediate the effects of j 3-adrenergic agents on the lung during development. Serum catecholamines increase during birth and pulmonary tissue catecholamines increase during development in the rat (12, 34) . PAdrenergic receptors increase prehatally and postnatally in mammalian lung (14, 37, 38) . Likewise, pulmonary catecholamineand prostaglandin-sensitive adenylate cyclase activities increase in the perinatal period in rat and rabbit lung (1, 28, 30, 37, 38) . Because perinatal maturation of lung function is associated with changes in responses of the lung to catecholamines and CAMP, we have partially characterized developmental changes in CAMPdependent protein kinase activity in lung cytosol.
MATERIALS AND METHODS
Membrane and cytosolic fractions were prepared from lungs obtained from time-dated pregnant Sprague Dawley rats purchased from Charles River, Inc. (Willmington, MA). Dams were kept on a 12-h light-dark cycle and delivered routinely at 22 days of gestation. Dams were sacrificed by cervical dislocation, the fetuses or pups were weighed and sacrificed by decapitation. Lung tissue was rapidly dissected free from hilar and mediastinal structures. Prenatal samples were pooled from each litter. Postnatal samples were pooled from two to four rat pups at each age and adult preparations were obtained from individual animals. Lung was placed in iced STE with and without 0.1 mM phenylmethylsulfonyl fluoride and homogenized with a Tekmar Tissuemizer by three 5-sec bursts at high setting. The homogenate was filtered through four layers of gauze and centrifuged for 5 min at 3000 x g a t 4°C. This supernatant was centrifuged 40,000 x g for 20 min to obtain crude membranes. The resulting supernatant was centrifuged for 45 min at 100,000 x g. The final supernatant (cytosol) was assayed immediately or was frozen in a dry ice-acetone bath and stored at -70°C before use. Storage did not alter either [ (33) . Affinity of competing ligands for inhibition of [3H]cAMP binding was determined from the 150 as described by Cheng and Prusoff (7). Statistical differences among age groups were assessed by analysis of variance with NeumannKuels test.
To separate regulatory subunits, lung cytosol was fractionated on a DEAE-cellulose column as described by Corbin et ul. (8) except that an (NH4)S04 gradient was used to elute the column. Approximately 20 mg of protein was applied to a 1.5 X 10 cm column equilibrated with 10 mM 0-mercaptoethanol and 10 mM Tris-HC1 (pH 7.0) and eluted with a linear gradient of (O-0.3 M) (NH4)2S04. Column fractions (I .2 ml) were collected and assayed for specific [3H]cAMP binding, conductivity, and protein.
Protein kinase and phosphorylation. Protein kinase was assessed in triplicate 200-p1 assays in the presence of cytosol or membrane protein (40-80 g ) in buffer containing 9 mM NaF, 9 mM MgCI2, and 45 mM potassium phosphate, pH 7.0; 1 mg/ ml Type I1 A histone with and without 10 pM CAMP or 0.2 mg/ ml protein kinase inhibitor ( 1 5, 35) . In general, phosphorylation, in presence or absence of PKI, were identical. Phosphorylation was initiated by addition of r[32P]ATP (New England Nuclear) to give a final assay concentration of 0.5 mM ATP, approximately 20 pCi/mmole. Assays were incubated at 30°C for 10 min and were terminated by addition of 50 p1 of 2.5% bovine serum albumin with 0.02% deoxycholate followed by 2.5 ml of iced 2.5% TCA. The sample was filtered on glass fiber filters (Whatman, Inc., Clifton, NJ) that were presoaked in 2.5% sodium pyrophosphate in 10% TCA. Filters were washed three times with 4 ml iced 2.5% TCA. Filters were dried and counted by standard scintillation technique.
Protein phosphorylation in samples to be separated by polyacrylamide gel electrophoresis was initiated by addition of ATP (approximately 2 mCi/mmole) to give a final concentration of 5 pM ATP. Phosphorylation was tested in presence and absence of 10 pM CAMP or 0.2 mg/ml cAMP PKI. At least three separate experiments were performed at each age. Both potassium phosphate and a 10 mM Tris-HCI (pH 7.4), 1 mM EGTA, CaC1, buffer system were utilized, the latter to control free Ca2+ to ivl as described by Piascik et ul. (29) . Ontogenic changes in phosphorylation patterns determined after polyacrylamide gel electrophoresis were assessed in experiments with identical amounts of protein from preparations at each age. Assays were performed on the same day and gels were placed on x-ray film for an identical amount of time. Phosphorylation reactions were incubated at 30°C and terminated after 6 min by precipitation with iced 12% TCA. The samples were washed by repeated centrifugation and pellets solubilized in sodium dodecyl sulfate (20, 32) . Electrophoresis was routinely performed at 20 mA per gel for 1.5 h on a 4.3% SDS-polyacrylamide stacking gel followed by electrophoresis at 30 mA per gel for 2 h on 7.5%, lo%, or 12.5% SDS-polyacrylamide separating gels. Addition of protease inhibitor, PMSF, and use of frozen cytosolic preparations did not significantly alter protein phosphorylation patterns of major proteins. Phosphorylation in Type I1 cells was determined as above except that fresh preparations of cytosol were routinely utilized.
Protein phosphorylation was dependent upon time, reaching maximal incorporation at approximately 6-10 min. Phosphorylation increased in relation to cytosolic protein and was completely removed from the gels by pretreatment of the samples with trypsin or 100 mM NaOH at 95°C for 20 min. Phosphoproteins were unaltered by extraction in 2: 1 chloroform:methanol, acidified (0.01 M HCI) chloroform:methanol, treatment with hydroxylamine or heating to 90°C in 2% TCA. Gels were fixed, stained in 0.25% Coomassie brilliant blue and dried as described by Rudolph and Krueger (32) . Gels were placed on Kodak X-AR2 film for 1-7 days, depending on the extent of phosphorylation. Molecular weights were estimated using rabbit muscle phosphorylase b (97,000), bovine serum albumin (66,000), rat brain tubulin (56,000), bovine heart cAMP protein kinase (56,000), ovalbumin (45,000), pepsin (35,000), and trypsinogen (24,000) (Sigma Chemical Co., St. Louis, MO). Phosphorylation was assessed visually and by scanning densitometer.
Statistical differences in protein kinase activity among various age groups were determined by analysis of variance with the Neumann-Kuels test. Significance of the activation of basal protein kinase activity by cAMP was determined by paired t test.
Significance is reported at P < 0.05.
RESULTS
[3H]cAMP binding. [ 3 H ] c~M P binding activity was associated primarily with lung cytosol during subcellular fractionation. Specific activity of binding to washed particulate membranes was less than 10% of specific activity present in cytosol. Specific (Fig. 2) . Regulatory subunits of CAMP-dependent protein kinases in rat lung cytosol were separated by DEAE-cellulose chromatography using a linear (NH4)2S04 gradient. Two peaks of specific [3H]cAMP binding were demonstrated in these preparations at all ages as shown by Figure 3. [3H]cAMP binding activity eluted Protein kinase activity. CAMP-dependent protein kinase activity and protein kinase activity ratios were demonstrated in lung cytosol during development from day 18 of gestation to adulthood (Table 1 and Fig. 4 Fig. 4 . Ontogeny of CAMP-dependent histone kinase activity in rat lung cytosol from rats on day 18 of gestation to adulthood. Histone kinase activity was determined in triplicate in the presence and absence of 10 FM cAMP in four to seven preparations at each age. Values represent pmole/mg protein per 10 min. cAMP significantly enhanced basal activity, P < 0.01 at all ages. CAMP-dependent protein kinase activity decreased significantly in late gestation, increased significantly to maximal concentration on day 14 of age and was decreased significantly in the adult as assessed by analysis of variance with NeumannKuels test.
experiments initiated by addition of excess unlabeled ATP ( I mM) to phosphorylated histone. The time-related decrease in labeled phosphoprotein was quantitated by filtration assay. The half-life for the dephosphorylation reaction was approximately 15 min in both fetal and adult cytosolic preparations under usual assay conditions.
CAMP-dependent phosphorylation of endogenotls Izlng proteins.
Phosphorylation of endogenous lung protein was greater in cytosol than in membrane preparations. When membrane was added to labeled cytosol, the amount of phosphorylation present on the gel was slightly decreased. Autoradiograms of phosphoproteins from lung cytosol obtained from fetuses on day 20 of gestation and from adults are represented by Figure 5 . In general, endogenous phosphorylation ofcytosolic protein was less in adult than in neonatal samples. Endogenous phosphorylation in fetal and neonatal preparations was similar except for age-related changes in specific phosphoproteins. Of the many phosphoryl- Ca cA PKI Fig. 5 . Autoradiogram of phosphoproteins in lung cytosol from fetal (day 20 of gestation) and adult rats. Phosphorylation was performed with 20 pg of fetal and adult lung cytosol in the presence of 10 pM CaZ+, cAMP or 0.2 mg/ml protein kinase inhibitor and separated by 10% SDS-PAGE followed by autoradiography as described in the "Materials and Methods." The numbers 97-24 represent 97,000-24,000-dalton marker proteins used for standards. Major proteins whose phosphorylation was enhanced by CAMP and inhibited by protein kinase inhibitors or clearly ontogenically regulated are marked by arrows at approximately 1 10,000, 97,000, 54-58,000,44,000, and 28,000 daltons.
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.07 .14 .22 28 Phosphorylase b R f Fig. 6 . Scan of autoradiograms of phosphoproteins migrating with Rf 0-0.18 on 7.5% SDS-polyacrylamide gels. CAMP-dependent phosphorylation of lung cytosol (20 pg) was assessed in the presence of 10 pM ated proteins present in cytosolic preparations, several were clearly enhanced by CAMP. Major proteins whose phosphorylation was stimulated by cAMP were detected at Mr = 260,000, 240,000, 97,000, 56,000, 44,000, and 28,000 daltons. Their detectability varied with age (Fig. 5 ). There were also distinct age-related differences in the patterns of cAMP independent phosphoproteins as can be seen in Figure 5 .
Phosphorylation of 97,000-dalton protein was slightly enhanced by cAMP and its phosphorylation was more dependent upon Ca2+ than cAMP (Fig. 6) . This protein comigrated with rabbit muscle phosphorylase b and its phosphorylation appears to be highly ontogenically regulated (Figs. 5 and 6 ). The 97,000-dalton phosphoprotein was barely detectable on day 17 but increased by day 18 of gestation. It was the most prominent phosphoprotein between days 19 and 2 1 of gestation, representing approximately 10% of the total phosphoprotein on the gel. Phosphorylation of the 97,000-dalton protein decreased dramatically postnatally and was nearly undetectable by 5 days of age through adulthood. Phosphorylation of protein migrating 1 10-120,000 daltons was not clearly CAMP-dependent. Mr = 110-120,000 phosphoproteins were greater in fetal than postnatal samples, decreasing markedly in the perinatal period.
Phosphorylation of Mr = 260,000,240,000 (not seen), 56,000, 44,000, and 28,000 was also enhanced by cAMP (Figs. 5 and 7) . CAMP-dependent phosphorylation of 28,000 and 44,000 dalton proteins was first detected in late gestation and was readily apparent thereafter to adulthood. cAMP enhanced phosphorylation of protein migrating at 56,000 daltons which comigrated with rat brain tubulin (Fig. 7) ; however, its identity remains to be established. Phosphorylation of the 56,000 dalton-protein Fig. 8 . Autoradiography of major Type I1 epithelial cell phosphoproteins. Phosphorylation of 10 jtg cytosolic protein was performed in the presence (+) and (-) absence of 10 pM CAMP and separated by 8% SDS-PAGE. Autoradiography was performed for 2 days at room temperature. cAMP enhanced phosphorylation of Mr = 260,000, 240,000, 44,000, and 22,000. The band migrating with Mr = 22,000 is not visualized on this gel however. increased only slightly during the perinatal period. Phosphorylation of the 54,000-and 58,000-dalton protein was primarily Ca2+-dependent. None of the phosphoproteins comigrated with autophosphorylated Type I1 CAMP-dependent protein kinase from bovine heart. cAMP enhanced phosphorylation of several Type I1 cell proteins with characteristics similar to phosphorylation in crude lung cytosol. The major CAMP-dependent proteins from Type I1 cells migrated approximately Mr = 260,000, 240,000, 44,000, and 22,000. Mr = 44,000 daltons was the most prominent CAMPdependent phosphoprotein in Type I1 cell cytosol (Fig. 8) and comigrated with Mr = 44,000 from adult lung cytosol.
DISCUSSION
Our work describes ontogenic changes in CAMP-PK and some of its protein substrates in cytosolic preparations of rat lung between 18 days gestation and adulthood. The specific activity of [3H]cAMP binding to the regulatory subunits of CAMP-PK varied slightly with age: decreasing in late gestation, increasing significantly by 14 days of postnatal age, and subsequently decreasing to concentrations present in the mature adult. Affinity of [3H]cAMP for regulatory subunits did not change with age. Protein kinase activity in lung cytosol was stimulated by cAMP at all ages studied. Developmental changes in CAMP-dependent protein kinase correlated with changes in [3H]cAMP binding. cAMP enhanced phosphorylation of protein substrates present both in lung cytosol and in cytosol from purified Type I1 epithelial cells. Phosphorylation of several of these proteins changed during perinatal development.
Properties of [3H]cAMP binding and of CAMP-PK in developing rat lung were similar to those reported previously in other tissues (8, 18, 19, 23, 24 ). There were no detectable changes in the presence of the Type I or Type I1 regulatory subunits in lung cytosol between 18 days of age and adult. Although the number of cAMP binding sites determined by filter assay varied slightly during development, the affinity of cAMP for these sites did not change with age. Changes in binding capacity or affinity related to the effect of the filter on cAMP binding to regulatory subunits of CAMP-PK have been reported previously (10) . It is therefore possible that total cAMP binding may be underestimated with this assay system. In spite of complex dissociation kinetics of [3H]cAMP binding to lung cytosol, the Scatchard plots of saturation experiments were linear. The reasons for the linearity are unclear but similar findings have been described in a variety of tissues. Detailed analysis of dissociation experiments with regulatory subunits support the presence of two cAMP binding sites per subunit (10) . It has been postulated that loss of one binding site occurs during filtration or that cooperative interactions result in the linearization of Scatchard plots. The number of binding sites determined by saturation plots are likely to represent a relative estimation of the binding activity. Ontogenic changes in binding capacity correlated well with CAMP-dependent histone kinase activity. CAMP-PK activity was previously identified in guinea pig lung where activity also increased slightly in the neonatal period ( I 9). Our study indicates that CAMP-PK activity in rat lung decreased slightly but significantly before birth, reaching maximal activity during the weanling period and decreasing again to adulthood. The functional significance of these changes are unclear at present.
Phosphorylation of endogenous lung proteins by protein kinases has not been intensively studied to date. CAMP-dependent phosphorylation of a 49,000-dalton protein in lung cytosol was noted in a previous study and thought to be regulatory subunits of CAMP-PK (24). In our study, numerous cytosolic proteins were phosphorylated in rat lung cytosol; however, several proteins were clearly CAMP-dependent or inhibited by CAMP-dependent protein kinase inhibitor. Several commercial preparations of PKI were utilized during these studies and identical results were obtained with freshly prepared PKI from rat skeletal muscle (35) . PKI was utilized because of the possibility that catalytic subunits might be activated during preparation of cytosol; however, phosphorylation in the presence of PKI was not significantly different from phosphorylation in control samples incubated in the absence of cAMP and PKI.
Phosphoproteins identified after SDS-PAGE were trypsin-and alkali-sensitive. Hydroxylamine, TCA (90°C), chloroform: methanol, and acidified ch1oroform:methano 1 did not alter their phosphorylation; thus, the phosphoprotein probably represent phosphoesters rather than acylphosphate, RNA, or lipid-associated phosphate (36) . Proteins migrating with molecular weights below 18,000 or greater than 300,000 daltons were not resolved in the present study. The identities of the major phosphoproteins demonstrated in lung cytosol have not been clarified at present. The most prominent phosphoprotein observed on gels from fetal lung comigrated with phosphorylase b, a known substrate of phosphorylase kinase (27) . Phosphorylation of the Mr = 97,000 protein was clearly age-dependent. It was barely detectable at 17 days of gestation, increased markedly between 18-20 days of gestation before birth, and decreased markedly after birth. Its phosphorylation was also enhanced to a greater extent by Ca2+ than by CAMP.
Phosphorylase b is known to be phosphorylated and activated by phosphorylase kinase. The activation of phosphorylase kinase is Ca2+-dependent and enhanced by cAMP in other tissues (27, 36) . Activity of phosphorylase a increases dramatically in late gestation in rat lung and the increase in its activity is associated with rapid glycogen depletion from pulmonary tissues (3, 4, 25) . Both phosphorylase a and b activities are known to decrease rapidly postnatally (25) . Decrease in 97,000-dalton phosphoprotein may represent a decrease in the amount of phosphorylase a and b; however, decreased phosphorylase kinase or increased phosphorylase phosphatase activity might also account for the observed decrease in 97,000 dalton phosphoprotein with age.
Phosphorylation of Mr = 56,000 protein was slightly enhanced by CAMP. It comigrated with rat brain tubulin; however, this provides little evidence of its identity. cAMP phosphorylation of neurotubulin has been reported previously (6, I 1) and the observation that colchicine inhibits CAMP-induced surfactant release from type I1 epithelial cells supports the hypothesis that tubulin might be involved in the mediation of cAMP dependent surfactant release process (26) . Clearly the identity of Mr = 56,000 phosphoprotein has not been established in this study. Phosphorylation of 54,000-and 58,000-dalton protein was enhanced by Ca2+. Exogenous calmodulin further enhanced Ca2+-dependent phosphorylation of Mr = 54,000 (data not shown). Neither 54,000-, 56,000-, nor 58,000-dalton phosphoproteins comigrated with autophosphorylated regulatory subunit of bovine heart protein kinase. CAMP-dependent phosphorylation of 49,000-dalton protein in lung cytosol from adult rat lung was reported previously and regulatory subunits of CAMP-protein kinase have been demonstrated previously by phosphorylation with 8-azid0[~~P] cAMP in both fetal and adult mouse lung preparations. Photoaffinity labeled regulatory subunits of protein kinase from mouse lung migrated at approximately 54,000 daltons (23) .
Major CAMP-dependent phosphoproteins in lung cytosol comigrated with several present in cytosol from isolated Type I1 epithelial cells: Mr = 260,000, 240,000,44,000, and 22,000 were most prominent in Type I1 cell cytosol. Phosphorylation of Mr = 28,000 (in lung cytosol) and 44,000 (in both lung and Type I1 cell cytosol) was entirely CAMP-dependent. Their phosphorylation in lung cytosol increased during the perinatal period in association with other aspects of Type I1 cell differentiation and function; thus endogenous substrates of CAMP-dependent protein kinases are present in both Type I1 epithelial cells and lung cytosol. CAMP-dependent phosphorylation of Mr = 44,000 is highly developmentally regulated in the perinatal period and may play a role in the mediation of the effects of catecholamines or other hormones on Type I1 epithelial cell function.
Identification and characterization of substrates of CAMPdependent protein kinases are complicated by the complexity of cytosolic proteins from whole lung and by the numerous proteases, protein kinases, and phosphatases which may be present in these crude preparations. In general, evaluation of x-ray films after varying amounts of exposure times was required to demonstrate the various major phosphoproteins described presently. Likewise multiple polyacrylamide gels, 7-13%, were used to better separate specific proteins of interest. More detailed analysis of these proteins will require two-dimensional separation techniques. Addition of protease inhibitors did not alter the major phosphoprotein patterns significantly. Likewise, NaF (10 mM), a phosphatase inhibitor, did not alter phosphorylation although higher concentrations (50 mM NaF) were inhibitory.
Maturation of pulmonary function has been associated previously with marked changes in 8-adrenergic receptors and catecholamine-sensitive adenylate cyclase activity, which mediate the synthesis of cAMP in lung tissues. cAMP activates protein kinases whicl catalyze the phosphorylation of regulatory proteins altering their activity and function. The present work demonstrates developmental changes in CAMP-dependent protein kinase activity and marked ontogenic changes in cAMP and Ca2+-dependent phosphorylation of several cytosolic lung proteins. Ontogenic changes in specific protein substrates of protein kinases and their changes in state of phosphorylation in response to cAMP and calcium are likely to mediate developmental changes in pulmonary responses to hormonal stimulation.
